Abstract The continuous use of synthetic hormones as contraceptive pill or hormonal replacement therapy among women is increasing day by day. The widespread use of different formulations as oral contraceptives by women throughout their reproductive cycle has given rise to a serious concern for studying the effects of oral contraceptives on enzymatic profile and DNA damage in peripheral blood lymphocytes among users. The present study was carried out on women taking oral contraceptives. The study was based on the questionnaire having the information of reproductive history, fasting, age, health, nature of menstrual cycle, bleeding and other disease. The profile of the blood serum enzymes i.e. alkaline phosphatase (ALP), gamma glutamyl transferase (GGT), lactate dehydrogenase (LDH), aminotransferases (SGOT and SGPT), serum proteins (albumin and globulin) and DNA damage in lymphocytes was studied among users and non-users. The results of the present study suggest that OCs not only effects enzymatic activity but also results in DNA damage that may vary with the duration of using oral contraceptives. A significant increase in LDH, GGT, SGPT, SGOT, globulin and decrease in ALP as well as albumin was found among users as compared to non-users. The observed DNA damage was more in users as compared to non-users. Hormonal contraceptives seem to exert DNA damage and also have significant effects on blood serum enzymes.
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Background
Women use exogenous female hormones as oral contraceptives (OCs). Over several decades the side effects of OCs are of major public health interest. Their association with ovarian cancers in particular has drawn an attention of many epidemiologists [1] . Soon after the introduction of OC pills a number of side effects have been reported among users [2] . The contraceptive containing either a combination of an estrogen and progesterone or progesterone only is being used by millions of women [3] . The most effective contraceptive works by suppressing the levels of follicle-stimulating hormone and luteinizing hormone i.e. by reducing metabolic activity of ovary, including the suppression of ovulation [4] . Currently there are several hormonal methods available other than oral pills such as transdermal patches, vaginal rings and intrauterine systems [3] . Although OCs may be useful in preventing of pregnancies but the results from research studies suggest their negative effects on health such as coronary atherosclerosis and myocardial infarction, risk of breast cancer and hepatocellular carcinoma [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . In the present study blood serum enzymes such as alkaline phosphatase (ALP), gamma-glutamyltranseferase (GGT), lactate dehydrogenase (LDH), amino transeferases (SGOT and SGPT), serum proteins (albumin and globulin) and DNA damage in the peripheral blood lymphocytes were studied among women of different age groups using OCs for various durations.
Materials and Methods

Sample Size
A total of 600 subjects were included in the study from Jawahar Lal Nehru Medical College of Aligarh Muslim University, Aligarh, who were 16-above 40 years of age. Among them 300 women were taking OCs preferring continuous months and 300 were non-users healthy women with regular menstrual cycle who were not taking OCs. The detailed questionnaire includes some issues such as age, health history, type of pill, nature of menstrual cycle, any other disease, smoking habit, alcoholism, bleeding etc. About 64 % of women were taking OCs as birth control, 15 % for irregular bleeding, 11 % for dysmenorrhea/pelvic pain, 6 % for premenstrual syndrome and 4 % for menorrhagia. A written consent was taken from each subject taking participation in the study.
Blood Sampling and Processing
After overnight fasting about 2 mL of blood was collected in a vacutainer tube with a clot activator from women in the study sample. The serum was obtained by centrifugation at 3000 rpm for 15 min and analyzed for various enzyme activities.
Blood Serum Analysis
The blood serum was analyzed for enzymes: ALP, GGT, LDH, aminotransferases (SGPT and SGOT) and serum proteins (albumin and globulin) among users and non-users by using commercially available diagnostic test kits (Crest Biosystems kits, India).
Blood Sampling for Comet Assay
After overnight fasting about 2 mL of blood was collected in a heparinised vacutainer tube from each woman (user and non-user). The blood lymphocytes were isolated by Ficoll-Histopaque density gradient centrifugation and washed in PBS [15, 16] .
Slide Preparation
The alkaline Single Cell Gel Electrophoresis technique of Singh et al. [17] was followed. The half frosted slides were covered with 1 % normal melting agarose (NMA) at about 45°C in PBS. The slides were immediately covered with a coverslip and kept at room temperature for about 5 min to allow the agarose to solidify. This layer was followed by the second layer of 0.5 % LMA. Five to 10 lL of cell suspension was mixed with 75 lL of 0.5 % LMA for embedding on slides. After gently removing the coverslip the cell suspension was laid onto the first agarose layer, spread out with a coverslip, and maintained on an ice-cold flat tray for 5 min to solidify. After removal of the coverslip the slides were immersed in cold lysing solution (2.5 M NaCl, 100 mM EDTA, 10 mM Trizma base, 0.2 mM NaOH, pH 10), 1 % Triton X-100 and 10 % DMSO for overnight at 4°C. The slides were removed from the lysing solution, drained and placed in a horizontal gel electrophoresis tank near the anode. The tank was filled with fresh electrophoresis buffer (1 mM Na 2 EDTA and 300 mM NaOH, pH 13) to a level approximately 0.25 cm above the slides. Before electrophoresis, the slides were left in the buffer for 20 min to allow the unwinding of the DNA. Electrophoresis was conducted at 1.6 V/cm for 20 min (300 mA) at room temperature. All steps were conducted under dimmed light (tank was covered with a black cloth) to prevent the occurrence of additional DNA damage by UV light. After electrophoresis, the slides were taken out of the tank. Tris buffer (0.4 M Tris, pH 7.5) was gently added drop wise to neutralise the excess alkali. The neutralising procedure was repeated three times.
Staining
To each slide, 65 lL ethidium bromide (EtBr-20 lg/mL) was added. The slides were covered with a cover-slip, placed in a humidified air-tight container to prevent drying of the gel and analysed within 3-4 h.
Slide Scoring
About 50 cells were scored per slide (three slides/subjects) were scored randomly and analyzed with Cometscore TM software (version 1.5, TriTek Corporation, Sumerduck, VA, USA). DNA tail length was measured and expressed as arbitrary unit.
Statistical Analysis
The obtained data was analyzed by using a software statistical package SPSS version 16.0. Student's t test was applied for the significant difference among users and non users. One-way analysis of variance (ANOVA) using post hoc Tukey test was applied to compare the differences among the users of different age groups. Table 1 shows the age distribution of OCs users and nonusers. Table 2 shows the distribution of users according to the duration of using OCs. Most of the users were of 26-30 years of age group. Table 3 describes the composition of OCs used by the women. The highest concentration of estrogens in the combined OCs was 30 lg. Table 4 shows the distribution of various blood serum enzymes in women of different age groups. As is evident from the Table 4 , a significant decrease in the ALP (U/L) was observed among the users of all age groups as compared to their respective age group non-users (p \ 0.05). Concerning the other enzymes such as LDH (U/L), SGOT (U/L), SGPT (U/L), and GGT (U/L), a significant increase in their levels were found among users of all age groups as compared to non-users to their respective age groups (p \ 0.05). The level of serum albumin was also found to be decreased significantly among users of all age groups compared to non users of their respective age group (p \ 0.05) ( Table 4 ). The level of serum globulin was found to be significantly higher among users of all age group compared to non users of their respective age group (p \ 0.05) ( Table 4) . Table 5 shows the enzyme profile according to the duration of using the OCs. A duration dependent significant decrease (r = -0.99) in serum ALP was found as compared to the non users (p \ 0.05) ( Table 5 ). In other serum enzymes LDH (r = 0.97), SGOT (r = 0.98) and SGPT (r = 0.99) and GGT (r = 0.99) a duration dependent significant increase was found as compared to the non-users (p \ 0.05) ( Table 5) . The serum albumin level (r = 0.99) was also found to be decrease among users in accordance with increase in the duration of use of OCs (p \ 0.05) ( Table 5) . The serum globulin level was found to be increase among users (r = 0.98) with increase in duration of the use of OCs. The results obtained for comet assay performed on the human peripheral blood lymphocytes of users and non-users is shown in Fig. 1a, b . Among women using OCs for 1-6 months showed 1.73-fold (p \ 0.05), increase in the mean tail length as compared to control (Fig. 2) . The women using OCs for more than 6, 13 and 19 months showed 2.20-fold, 2.40-fold and 2.74-fold significant increase respectively, in the mean tail length as compared to non users (p \ 0.05).
Results
Discussion
Hormonal contraceptives are in clinical practice for more than 70 years for the prevention of ovulation, implantation and sperm penetration into ovum. Estrogen or progesterone or both are also used in hormonal replacement therapy and are given to women after menopause [18] . However the hormonal replacement therapy has been reported to be associated with increased risk of cancer [19, 20] . There are several reports on the genotoxic potential of estrogens and synthetic progestins in vivo and in vitro [21] [22] [23] [24] [25] [26] [27] [28] . Most of the oral formulations have a definite proportion of estrogen and synthetic progesterone [29] . However, the composition of the OCs can vary from country to country so as the response toward the drugs forms the basis of pharmacogenomics [30] . The reports on the genotoxic potential in women's using steroid hormones as an OCs or HRT are available [31, 32] . In the present study the serum enzymes studied are liver enzymes that are present normally inside the hepatocytes and are released into the blood when there is hepatocellular damage. The elevated level of ALP is associated with disorders of liver and bone. The elevated Table 4 Enzyme profile in the blood serum of oral contraceptive users and non users in different age groups Table 5 Enzyme profile in blood serum on the basis of duration (months) of using oral contraceptives
SGPT (U/mL) serum ALP levels represent the presence of osteoblastic activity. Gamma glutamyl transferase comes from cell lining of biliary tract and is found in the blood. The elevated levels of GGT signify obstructive diseases of the biliary tract and liver cancers. One of the most important diagnostic uses of LDH test is the diagnosis of myocardial infarction or heart attack. Glutamic-oxaloacetic transaminase (SGOT) occurs in large concentrations in the heart and liver with moderate amounts in skeletal muscle, kidneys, and pancreas. GOT levels can be used to diagnose myocardial infarction and severe angina of the heart, and liver damage. Glutamic-pyruvic transaminase (SGPT) is found in significant quantities in liver, kidney, and skeletal muscle. When liver cells are damaged, GOT and GPT levels rise especially early in the disease [33] [34] [35] . In early 80s it was well documented that the use of OCs was associated with the benign hepatic adenoma. The association was further confirmed by Palmer et al. [36] . The use of OCs have been reported to be associated with the higher plasma retinol, 25-hydroxy vitamin D, total iron binding capacity, total chlolesterol, LDL-cholesterol and triacyglycerol [37, 38] . Concerning the serum enzymes levels in our present study an increase in LDH, SGPT, SGOT and GGT was found among users. This increase was found to be in correlation with the duration of using OCs. The use of OCs has been reported to alter lipids and enzymes profile among OCs users [38, 39] . As most of the drugs are metabolized by liver hence it is becomes difficult to correlate whether larger doses of drugs can cause adaptative changes in the form of increasing the detoxifying enzymes, or increase in the metabolic functions of liver. DNA damage and increase in the frequency of sister chromatid exchanges in peripheral blood lymphocytes have been reported in OCs users [40] . In one of the study the extent of DNA damage and SCEs were due to the altered hormonal profile of the users and the DNA damage reported was found to be non-significant compared to the pregnant women [41] . The increased in the mean tail length in our study may also be correlated to the altered hormonal profile. The increased in the DNA damage has been correlated with the induction of various cancers. There are reports on the increase in lipid profile among OCs users and increased risk of atherogenesis and coronary arterial disease [42] . The mechanism by which progestins induce tumour development is not very clear. It has been suggested that induction of homo oxygenases leads to the conversion of procarcinogenes-carcinogens [43] or by stimulation of the genetically altered pre-neoplastic cells [44] . The relationship between the carcinogens and sex hormones is not very clear, however a series of or combination of genotoxic and epigenetic changes have been reported to be associated with OC users [45] . In our earlier in vitro studies synthetic progestins have been reported to generate reactive oxygen species (ROS) [27] . Estrogens have been reported to generate free radicals by metabolic redox cycling between quinone and hydroquinone forms of estrogens [46] . b-Estradiol was reported to be mutagenic and genotoxic effects on the blood cells of Oreochromis niloticus [47] . In cultured cells northindrone has been reported to induce double stranded breaks (DSBs) [48] . In our present study the DNA damage was found to correlate with the duration of using the OCs (Y = 6.6100 ? 0.24433X; r = 0.987; p \ 0.0047). Steroid hormones have been reported to increase aminotransferases among OC users [48, 49] . In our earlier study with triglycerides, HDL and LDL, the level of serum markers were found to be high among users [50] . Thus, it is concluded that the intake of OC affects the level of various blood serum enzymes and it may depends on the estrogens and progestin dosage or the androgenic activity of the progestin [51] . Concerning the DNA damage in blood lymphocytes, the damage was found to increase with increase in the duration of using OCs. Earlier studies have revealed association between DNA damage and malignancies [52, 53] . Nearly all OCs have some amount of estrogens that is converted into catecholestrogenes and produces oxygen radicals that leads to DNA damage [54] .
Conclusion
Although estrogens are present normally in women, but the presence of it in the form of OCs may lead to high concentration in human body. Hence, it is suggested that while prescribing OCs to the women various life style factors (cigarette smoking, alcohol consumption etc.) that may possibly enhance DNA damage should be taken in consideration. The biochemical parameters (enzymatic profile of various blood serum enzymes) should continuously be monitored as estrogens may also act as tumour promoting agent due to their estrogens-receptor mediated mitogenic activity.
